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Abstract—Quantum computing is on the verge of 

revolutionizing the computing paradigm by harnessing the 

power of quantum mechanics to solve problems that are 

otherwise intractable for classical computers. Tremendous 

progress has been achieved over the past few years in terms 

of the accuracy of the gates, processors, and the 

achievement of quantum supremacy. At the same time, the 

challenges facing the field of quantum computing have also 

been realized. This paper presents a comprehensive 

overview of the challenges facing the field of quantum 

computing, along with the tremendous progress achieved in 

the field up to 2024-2025. Solutions to the challenges 

facing the field of quantum computing are also discussed. 
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I. INTRODUCTION 

Classical computing has played a central role in shaping 

modern technology, powering applications ranging from 

data processing and communication to scientific modeling 

and artificial intelligence. These systems rely on binary 

logic, where information is represented using bits that exist 

as either a zero or a one. While this approach has been 

highly successful, certain computational problems—such 

as complex optimization tasks, cryptographic analysis, and 

molecular simulations—are becoming increasingly  

difficult to solve efficiently using classical methods. As a 

result, researchers have begun exploring new computing 

paradigms that can overcome these inherent limitations. 

Quantum computing offers a fundamentally different 

approach by utilizing principles of quantum mechanics, 

including superposition and entanglement. Unlike classical 

bits, quantum. 

 

Unlike classical bits that hold a single value at any moment, 

qubits behave very differently. They can represent more 

than one state simultaneously, which allows quantum 

computers to handle complex calculations in a way that 

would be impractical for traditional machines. This 

capability provides the potential for meaningful 

performance improvements in specific problem domains, 

particularly those involving large-scale computations and 

probabilistic systems. 

Over the past decade, quantum computing has 

transitioned from a theoretical idea to an active area of 

experimental research and industrial development. 

Advances in quantum hardware, enhanced qubit coherence, 

and the emergence of cloud-based quantum platforms have 

brought the technology closer to practical implementation. 

However, despite these advancements, the field still faces 

significant hurdles, including high error rates, hardware 

scalability challenges, and the complexities of designing 

reliable quantum algorithms. 

This paper aims to provide a structured and up-to-date 

overview of quantum computing by analyzing its 

foundational principles, current technical challenges, 

recent advances, and emerging applications. Unlike 

narrowly focused studies, this work presents a comparative 

perspective on quantum hardware platforms while also 

examining ethical, economic, and societal implications. By 

synthesizing recent developments and identifying future 

research directions, the paper contributes a holistic view 

intended for students, researchers, and practitioners 

entering the field. 

II. BACKGROUND OF QUANTUM COMPUTING 

The idea of quantum computing originated from the 

observation that classical computers struggle to efficiently 

simulate quantum mechanical systems. In the early 1980s, 

physicists such as Richard Feynman and David Deutsch 

proposed that computers based on the laws of quantum 

mechanics could model physical systems more naturally 

than classical machines. This insight laid the foundation for 

quantum computation as a new paradigm that differs 

fundamentally from traditional computing approaches. 

Classical computers process information using bits that 

can exist only in one of two definite states, zero or one. In 

contrast, quantum computers use quantum bits, or qubits, 

which exploit quantum mechanical properties to represent 

information in a more expressive form. A key feature of 
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qubits is superposition, which allows a qubit to exist in a 

combination of zero and one simultaneously. This property 

enables quantum systems to encode and process multiple 

computational possibilities at the same time, providing the 

basis for potential computational advantages. 

Another fundamental concept in quantum computing is 

entanglement. When qubits become entangled, the state of 

one qubit becomes dependent on the state of another, even 

if they are physically separated. Entanglement allows 

quantum computers to perform coordinated operations 

across many qubits, significantly increasing computational 

power for certain tasks. Together, superposition and 

entanglement distinguish quantum computation from 

classical parallel processing and enable unique algorithmic 

strategies. 

Quantum computations are carried out using quantum 

gates, which manipulate qubits through controlled quantum 

operations. These gates are combined into quantum circuits 

that perform specific computational tasks. Unlike classical 

logic gates, quantum gates are reversible and operate 

according to the principles of linear algebra. At the end of 

a quantum computation, measurement is used to extract 

classical information from the quantum system. However, 

measurement collapses the quantum state, making the 

design of quantum algorithms particularly challenging. 

Over the years, multiple physical implementations of 

qubits have been explored, including superconducting 

circuits, trapped ions, neutral atoms, and photonic systems. 

Each technology offers distinct benefits and limitations 

related to coherence time, error rates, scalability, and 

operating conditions. Current quantum computers are 

classified as noisy intermediate-scale quantum (NISQ) 

devices, meaning they have limited qubits and are 

susceptible to errors. Despite these limitations, ongoing 

research continues to refine hardware designs and 

theoretical models, forming the essential background for 

modern advances in quantum computing. 

III. CHALLENGES IN QUANTUM COMPUTING 

Despite the rapid progress in quantum computing 

research, significant challenges continue to limit the 

practical deployment of large-scale quantum systems. 

These challenges arise from both the fragile nature of 

quantum states and the complexity of engineering reliable 

quantum hardware and software. Addressing these issues is 

essential for transforming quantum computing from a 

laboratory-based technology into a widely usable 

computational platform. 

One of the most fundamental challenges is quantum 

decoherence. Qubits are extremely sensitive to their 

surrounding environment, and even minor interactions with 

external noise, temperature fluctuations, or electromagnetic 

interference can cause them to lose their quantum 

properties. When decoherence occurs, the information 

stored in a qubit becomes corrupted, leading to 

computational errors. Maintaining quantum coherence for 

sufficiently long durations remains a major obstacle, 

particularly as the number of qubits in a system increases. 

Closely related to decoherence is the issue of quantum 

errors. Unlike classical bits, qubits cannot be copied or 

directly inspected without disturbing their state. As a result, 

conventional error detection and correction techniques 

cannot be applied. Quantum error correction schemes exist, 

but they require a large number of physical qubits to create 

a single logical qubit. This significant overhead makes it 

difficult to build scalable and fault-tolerant quantum 

computers with current hardware capabilities. 

Scalability presents another critical challenge. While 

small quantum processors with tens or hundreds of qubits 

have been demonstrated, scaling these systems to 

thousands or millions of qubits introduces substantial 

engineering difficulties. Increasing the number of qubits 

also increases system complexity, control requirements, 

and error rates. Additionally, maintaining reliable qubit 

connectivity and synchronization across large quantum 

devices remains an unresolved problem. 

Hardware limitations further complicate quantum 

computing development. Different qubit technologies, such 

as superconducting circuits, trapped ions, and photonic 

qubits, each face unique constraints related to fabrication, 

stability, and operating environments. Many quantum 

systems require extremely low temperatures or precise 

control mechanisms, increasing cost and limiting 

accessibility. Obtaining consistent and reproducible 

hardware performance is still an active area of research. 

Beyond hardware, software and algorithmic challenges 

also hinder progress. Although several quantum algorithms 

demonstrate theoretical speed advantages, many practical 

problems lack efficient quantum solutions. Developing 

algorithms that outperform classical methods in near-term 

quantum devices is difficult due to limited qubit counts and 

high noise levels. Programming quantum computers also 

requires specialized knowledge, which makes adoption 

more challenging. 

Finally, integration with classical computing systems 

remains a challenge. Most practical quantum applications 

are based on hybrid quantum-classical workflows, which 

require efficient communication between quantum 

processors and classical control systems. Ensuring 

seamless integration, reliability, and security in such hybrid 

architectures is critical for future real-world applications. 

Together, these challenges highlight the complexity of 

quantum computing development. Overcoming them will 

require coordinated advances in physics, engineering, 
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computer science, and mathematics to unlock the full 

potential of quantum technologies. 

IV. RECENT ADVANCES IN QUANTUM 

COMPUTING 

In recent years, quantum computing has made notable 

progress, moving steadily from theoretical exploration 

toward practical experimentation and early-stage 

applications. Advances in hardware design, control 

techniques, and software development have collectively 

improved the performance and reliability of quantum 

systems. Although large-scale fault tolerant quantum 

computers have not yet been realized, these developments 

represent meaningful steps toward that long-term goal. 

One of the most significant advances has been the 

improvement in qubit quality and coherence. Modern 

quantum processors demonstrate longer coherence times 

and higher gate fidelities than earlier generations, allowing 

more complex quantum circuits to be executed before 

errors dominate the computation. Techniques such as 

improved materials, refined fabrication processes, and 

advanced error mitigation strategies have contributed to 

these gains. As a result, quantum devices are now capable 

of performing experiments that were previously 

impractical. 

Progress has also been made in the scaling of quantum 

hardware. Research institutions and technology companies 

have developed quantum processors with an increasing 

number of qubits, along with improved qubit connectivity 

and control systems. Modular architectures and chip-based 

designs have emerged as promising approaches to building 

larger quantum systems while managing complexity. These 

efforts aim to balance scalability with stability, a key 

requirement for future quantum computers. 

Another important advancement lies in the development 

of quantum algorithms and software tools. Although early 

algorithms focused primarily on theoretical speedups, 

recent work emphasizes algorithms that can operate 

effectively on noisy intermediate-scale quantum devices. 

Hybrid quantum-classical algorithms, which divide 

computational tasks between classical processors and 

quantum circuits, have gained significant attention. These 

methods make better use of current hardware limitations 

and have shown potential in applications related to 

optimization, machine learning, and chemistry. 

Cloud-based quantum computing platforms represent a 

major step toward broader accessibility. Researchers and 

students can now access real quantum hardware remotely, 

enabling experimentation without the need for specialized 

facilities. This increased availability has accelerated 

learning, collaboration, and innovation within the quantum 

computing community. Additionally, the growth of open-

source quantum software frameworks has simplified 

programming and reduced barriers to entry. 

Finally, advances in benchmarking and validation have 

improved the ability to evaluate quantum performance. 

Metrics designed to measure quantum advantage and 

system reliability provide clearer insight into progress and 

limitations. Together, these recent advances demonstrate 

steady momentum in quantum computing, bringing the 

field closer to practical relevance while highlighting the 

importance of continued research and innovation. 

 

V. APPLICATIONS OF QUANTUM COMPUTING 

Quantum computing has the potential to transform 

multiple domains by enabling new ways of solving 

problems that are difficult or impractical for classical 

computers. Although most quantum applications are still in 

the research or early experimental stage, several areas have 

already shown promising results and continue to attract 

significant interest from academia and industry. 

One of the most widely discussed applications of 

quantum computing is cryptography. Quantum algorithms 

can theoretically break widely used public-key 

cryptographic systems, highlighting the need for quantum-

resistant security methods. At the same time, quantum 

technologies also enable new forms of secure 

communication, such as quantum key distribution, which 

leverages the properties of quantum mechanics to detect 

eavesdropping and enhance data security. 

Optimization is another area where quantum computing 

shows strong potential. Many real-world problems, 

including supply chain management, traffic routing, and 

financial portfolio optimization, involve searching through 

a large number of possible solutions to find an optimal 

outcome. Quantum algorithms can explore complex 

solution spaces more efficiently than classical approaches 

in certain cases, offering improved performance for large-

scale optimization tasks. 

Quantum computing is also expected to play a significant 

role in material science and chemistry. Simulating 

molecular interactions and chemical reactions is 

computationally expensive for classical systems, 

particularly for complex molecules. Quantum computers 

can naturally model quantum systems, making them well 

suited for tasks such as drug discovery, catalyst design, and 

the development of new materials. These capabilities could 

significantly reduce research time and cost in scientific 

experimentation. 

In the field of artificial intelligence and machine learning, 

quantum computing is being explored as a way to enhance 
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data processing and pattern recognition. Quantum-

enhanced machine learning models may improve training 

efficiency and handle high-dimensional data more 

effectively. Although practical quantum advantages in this 

area are still under investigation, early studies suggest 

potential benefits for specific machine learning tasks. 

In addition, quantum computing has applications in 

physics, climate modeling, and energy systems. Complex 

simulations involving quantum phenomena, weather 

patterns, or energy distribution networks could benefit 

from quantum-enhanced computational power. While 

many of these applications remain experimental, continued 

advancements in hardware and algorithms are expected to 

expand the practical impact of quantum computing across 

diverse industries. 

VI. FUTURE POSSIBILITIES OF QUANTUM 

COMPUTING 

The future of quantum computing holds significant 

promise as ongoing research continues to push the 

boundaries of what quantum systems can achieve. While 

current quantum devices remain limited by noise and scale, 

long-term advancements are expected to overcome many 

of these constraints, opening new possibilities across 

science, industry, and society. As hardware and software 

mature, quantum computing may evolve from a specialized 

research tool into a practical and transformative 

technology. 

One of the most important future developments is the 

realization of fault-tolerant quantum computers. Fault 

tolerance would allow quantum systems to operate reliably 

over long periods by correcting errors without disrupting 

quantum information. Achieving this goal requires 

advances in quantum error correction, improved qubit 

stability, and scalable architectures. Once fault-tolerant 

systems become viable, quantum computers will be 

capable of executing complex algorithms that are currently 

beyond reach. 

Another promising direction lies in the integration of 

quantum and classical computing systems. Rather than 

replacing classical computers, future quantum systems are 

expected to function as specialized accelerators within 

hybrid architectures. These systems would allow classical 

processors to handle general tasks while quantum 

processors focus on specific problems such as 

optimization, simulation, or data analysis. This 

collaborative approach could enable practical quantum 

advantages in real-world applications. 

Quantum computing is also expected to influence the 

future of cybersecurity. As quantum capabilities advance, 

traditional cryptographic systems may become vulnerable, 

driving the adoption of post-quantum cryptography. At the 

same time, quantum-based security methods, including 

secure communication protocols, may offer stronger 

protection for sensitive data. These developments could 

redefine digital security standards in the coming decades. 

Beyond computing itself, quantum technologies may 

lead to broader scientific and technological breakthroughs. 

Advances in quantum sensing, precision measurement, and 

communication could improve navigation systems, 

medical imaging, and environmental monitoring. 

Additionally, quantum-enhanced simulations may 

accelerate discoveries in material science, energy storage, 

and pharmaceuticals. 

Although the timeline for large-scale quantum adoption 

remains uncertain, continued investment and 

interdisciplinary collaboration suggest a future in which 

quantum computing plays a meaningful role in addressing 

complex global challenges. As research progresses, the 

responsible development and ethical use of quantum 

technologies will also become increasingly important, 

shaping how these powerful. 

 

VII. QUANTUM HARDWARE PLATFORMS AND 

COMPARATIVE ANALYSIS 

The practical realization of quantum computing depends 

heavily on how qubits are physically implemented. While 

quantum algorithms define what a quantum computer can 

achieve, hardware platforms determine how reliably and 

efficiently those algorithms can be executed. As a result, a 

wide range of qubit technologies has been developed, each 

grounded in distinct physical principles and engineering 

approaches. Evaluating these platforms requires careful 

consideration of factors such as coherence time, gate 

fidelity, scalability, operating conditions, and system 

complexity. 

Among the most widely explored platforms are 

superconducting qubits. These qubits are constructed using 

superconducting circuits and Josephson junctions, 

operating at temperatures close to absolute zero. One of the 

primary advantages of superconducting qubits is their fast 

gate operation, which allows quantum circuits to be 

executed within short time frames. Additionally, 

fabrication techniques for superconducting devices are 

compatible with existing semiconductor manufacturing 

processes, making large-scale production more feasible. 

However, superconducting systems face challenges related 

to decoherence and noise, which limit qubit lifetimes. The 

requirement for cryogenic environments also increases cost 
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and system complexity, posing obstacles to widespread 

deployment. 

Trapped ion quantum computers offer a contrasting 

approach, relying on individual ions held in place by 

electromagnetic fields. These systems are known for their 

exceptional coherence times and high gate accuracy, which 

contribute to reliable quantum operations. Because ions 

can be precisely controlled using laser-based techniques, 

trapped ion platforms are well suited for experiments 

requiring high levels of precision. Another advantage is 

their flexible qubit connectivity, which simplifies the 

implementation of certain quantum algorithms. Despite 

these strengths, scaling trapped ion systems remains 

difficult. As the number of ions increases, controlling 

interactions and maintaining system stability becomes 

increasingly complex, limiting their expansion beyond 

moderate sizes. 

Photonic quantum computing represents a different 

category of hardware, using photons as carriers of quantum 

information. Photons are naturally resistant to many forms 

of environmental interference, allowing them to operate at 

room temperature and over long distances. This makes 

photonic systems especially attractive for quantum 

communication and networking applications. However, 

building general-purpose quantum computers using 

photons is challenging due to difficulties in implementing 

reliable two-qubit interactions and managing photon 

losses. While photonic platforms excel in specific use 

cases, their role in large-scale quantum computation is still 

under active investigation. 

Neutral atom quantum computing has gained increased 

attention in recent years as a promising scalable approach. 

In these systems, atoms are arranged in optical lattices or 

traps and manipulated using laser fields. Neutral atoms 

offer the ability to create large, highly ordered qubit arrays 

with relatively uniform properties. Their long coherence 

times and flexible geometries make them appealing for 

scalable architectures. Nonetheless, precise control of 

individual atoms and the implementation of complex gate 

operations remain technical challenges that must be 

addressed before neutral atom systems can reach full 

maturity. 

Spin-based qubits, often implemented in semiconductor 

materials such as silicon, present another promising 

direction. These qubits encode information in the spin 

states of electrons or nuclei and benefit from compatibility 

with existing semiconductor technologies. This 

compatibility opens the possibility of integrating quantum 

and classical components on a single chip. However, spin-

based systems are sensitive to material imperfections and 

environmental noise, which can degrade performance. 

Achieving consistent qubit quality across large devices 

remains an active area of research. 

When comparing these hardware platforms, it becomes 

clear that no single approach currently satisfies all the 

requirements for an ideal quantum computer. 

Superconducting qubits offer speed and manufacturability, 

trapped ions provide precision and stability, photonic 

systems enable robust communication, and neutral atoms 

and spin-based qubits show promise for scalability. Each 

platform involves trade-offs between performance, 

complexity, and cost. Consequently, the future of quantum 

computing may not be defined by a single dominant 

technology but rather by a diverse ecosystem of hardware 

platforms optimized for specific applications. 

In summary, the continued advancement of quantum 

hardware platforms is essential for realizing practical 

quantum computing. Comparative analysis of these 

technologies’ highlights both their progress and 

limitations, emphasizing the need for ongoing research and 

innovation. As hardware designs mature and engineering 

challenges are addressed, these platforms will play a 

crucial role in shaping the next generation of quantum 

computing systems. 
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Table I: Comparison of Major Quantum Hardware 

Platforms 

Platform Key 
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ge 
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Trapped 
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to scale 
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Control 
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Qubits 

CMOS 

compatibi
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Noise 

sensitivity 

High 

(future) 

 

   

 

VIII. ETHICAL, ECONOMIC, AND SOCIETAL 

IMPLICATIONS 

As quantum computing moves beyond theoretical research 

and toward real-world deployment, its implications extend 

well beyond technical performance. The introduction of 

powerful quantum technologies has the potential to 

influence ethical norms, economic structures, and societal 

systems. Understanding these broader effects is essential to 

ensure that quantum computing develops in a way that 

benefits society while minimizing unintended 

consequences. 

One of the most immediate ethical concerns relates to data 

security and privacy. Quantum algorithms capable of 

breaking widely used encryption methods could undermine 

the security foundations of digital communication, 

financial systems, and government infrastructure. 

Although such capabilities are not yet practically realized, 

their theoretical possibility has already raised concerns 

among policymakers and security experts. This has led to 

increased attention on post-quantum cryptography, which 

aims to develop encryption techniques resistant to quantum 

attacks. Ethical responsibility lies in proactively preparing 

for these risks rather than reacting after vulnerabilities are 

exposed. 

Beyond cybersecurity, quantum computing raises 

questions about responsible use and governance. Like 

many powerful technologies, quantum systems could be 

applied in ways that challenge ethical boundaries, 

including surveillance, military strategy, or financial 

manipulation. The lack of clear international regulations 

creates uncertainty around how quantum capabilities may 

be controlled or restricted. Establishing ethical frameworks 

and global standards early in the development process can 

help prevent misuse and promote transparency, 

accountability, and trust in quantum research and 

applications. 

The economic impact of quantum computing is another 

critical consideration. As quantum technologies mature, 

they are expected to create new industries and reshape 

existing ones, particularly in fields such as 

pharmaceuticals, logistics, finance, and materials science. 

Organizations that gain early access to advanced quantum 

systems may achieve significant competitive advantages, 

potentially widening economic gaps between companies 

and nations. This uneven distribution of technological 

power could reinforce existing inequalities if access to 

quantum resources remains limited to a small group of 

well-funded institutions. 

At the same time, the development of quantum computing 

presents opportunities for economic growth and job 

creation. New roles in quantum software development, 

hardware engineering, and interdisciplinary research are 

already emerging. However, the highly specialized nature 

of quantum expertise means that workforce readiness is a 

major challenge. Without targeted investments in 

education and training, many regions may struggle to 

participate meaningfully in the quantum economy. 

Expanding access to quantum education through academic 

programs, online platforms, and industry partnerships will 

be essential to building an inclusive and skilled workforce. 

From a societal perspective, quantum computing also 

influences how scientific progress is perceived and 

managed. Public understanding of quantum technologies 

remains limited, which can lead to unrealistic expectations 

or unfounded fears. Clear communication and public 

engagement are important for fostering informed 

discussions about the benefits and risks of quantum 

computing. Encouraging open dialogue between 

researchers, policymakers, and the public can help align 

technological development with societal values. 

Environmental considerations further contribute to the 

societal impact of quantum computing. Some quantum 

hardware platforms require energy-intensive cooling 

systems and complex infrastructure. As these systems 

https://ijsrem.com/


           
           International Journal of Scientific Research in Engineering and Management (IJSREM) 

                    Volume: 10 Issue: 05 | May - 2026                           SJIF Rating: 8.659                                      ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                   |        Page 7 
 

scale, their environmental footprint may grow. Balancing 

technological advancement with sustainability will require 

innovations in energy-efficient designs and responsible 

resource management. 

In summary, the ethical, economic, and societal 

implications of quantum computing are deeply 

interconnected with its technical progress. Addressing 

issues related to security, fairness, workforce development, 

and environmental impact is as important as improving 

qubit performance or algorithm efficiency. By considering 

these factors early and collaboratively, the quantum 

computing community can help ensure that this 

transformative technology evolves in a way that is ethical, 

inclusive, and socially beneficial. 

IX. LIMITATIONS AND OPEN CHALLENGES 

Despite the significant progress outlined in previous 

sections, quantum computing remains constrained by 

several unresolved limitations that continue to shape the 

direction of current research. These challenges are not 

merely technical obstacles but reflect the fundamental 

complexity of manipulating and maintaining quantum 

systems under real-world conditions. 

One major limitation is the absence of large-scale fault-

tolerant quantum computers. Although theoretical 

frameworks for quantum error correction are well 

established, their practical implementation requires a 

substantial number of physical qubits to represent a single 

logical qubit. This overhead place heavy demands on 

hardware resources and makes current systems unsuitable 

for executing long and complex quantum algorithms. As a 

result, most experimental demonstrations remain limited in 

scope and duration. 

Another challenge lies in the reliability and consistency of 

quantum hardware. Present-day quantum devices often 

exhibit variability in performance due to fabrication 

imperfections, environmental sensitivity, and control 

limitations. These factors make it difficult to reproduce 

results across different platforms or even across repeated 

experiments on the same system. Such inconsistency 

complicates benchmarking and slows the transition from 

experimental research to dependable computational tools. 

Algorithmic development also faces open challenges. 

While certain quantum algorithms promise theoretical 

advantages, many rely on idealized assumptions that are 

difficult to realize on noisy intermediate-scale quantum 

devices. The gap between algorithm design and hardware 

capability remains significant, limiting the practical 

usefulness of existing quantum software. Developing 

algorithms that are both noise-tolerant and resource-

efficient continues to be an active area of investigation. 

In addition to technical issues, the rapid pace of 

advancement introduces uncertainty in long-term planning 

and standardization. Competing hardware platforms and 

programming frameworks evolve quickly, making it 

challenging to establish common standards or best 

practices. This fragmentation can hinder collaboration and 

slow broader adoption of quantum technologies. 

Overall, these limitations highlight the need for sustained 

interdisciplinary research. Addressing open challenges in 

scalability, reliability, algorithm design, and 

standardization will be essential for moving quantum 

computing beyond its current experimental stage. Progress 

in these areas will determine how and when quantum 

computing can achieve meaningful and widespread real-

world impact. 

 

X. CONCLUSION 

Quantum computing represents a significant shift in the 

way complex computational problems can be approached. 

By leveraging quantum mechanical principles such as 

superposition and entanglement, it offers capabilities that 

go beyond the limits of classical computing for specific 

problem domains. This paper explored the fundamental 

concepts of quantum computing, examined the major 

technical challenges, highlighted recent technological 

advances, and discussed its current and potential 

applications. 

Although substantial progress has been made in improving 

qubit quality, hardware scalability, and algorithm design, 

quantum computing is still in an early developmental stage. 

Issues such as decoherence, error correction overhead, and 

system scalability continue to restrict the realization of 

fully fault-tolerant quantum computers. Nevertheless, 

ongoing research efforts across academia and industry 

demonstrate steady momentum toward overcoming these 

limitations. 

Recent advances in hybrid quantum-classical algorithms, 

cloud-based quantum platforms, and benchmarking 

techniques suggest that near-term quantum devices can 

already provide value for selected applications. As research 

continues, future developments in fault tolerance, system 
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integration, and quantum software are expected to 

significantly expand practical use cases. In the long run, 

quantum computing has the potential to play a crucial role 

in fields such as cryptography, material science, 

optimization, and artificial intelligence. 

In conclusion, while widespread adoption of large-scale 

quantum computing may still be years away, the progress 

achieved so far indicates a promising future. Continued 

interdisciplinary collaboration, responsible innovation, and 

sustained investment will be essential to transform 

quantum computing from an experimental technology into 

a reliable tool capable of addressing complex real-world 

challenges. 
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